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Cycle Analysis: The Moving Average 


By Edward K. Dewey 


Director, 


Tie moving average is a matnematical tool 
oi great use to students of cycles. As there 


is coniusion in the minds of some people in 
-regard to the use of this tool, it seems wise 


to issue a Lulletin on the suiject. 


es 


Foundation for the Study of Cycles 


Some sections oi this lulletin are merely a 
restatement of what you can find in any good 
text Look of statistics. In otner sections, 
fiowever, you will fina material, some of which 
1s not, as far as I know, available readily, 
it atcalil. 


DEFINITIONS AND DESCRIPTION OF METHODS 


(The Simple Arithmetic Moving Average) 


Averages 

Everylody knows that an average is a typi- 
cal value which tends to sum up or descrile 
a nunler of tipures. ihere are at least five 
diiferent kinds ot averages commonly used ly 
statisticians; Lut the one which ordinary folk 
think alout when they hear the word average 
is the one computed Ly adding all the items 
together ana dividing the total by the number 
of items. hus, if we have four items, 10, 15 
1], and 23, the average of these items is 
aes FN%9 13 (46) “divided Ly 4, or 11%. 
(‘Statisticians cal] an average computed this 
way the arithmetic mean, but you do not need 
to renemler this term, lecause I shal] not use 
it again.) 

Time Series 

An arrangement of numbers is called a se- 
ries. When the numbers with which we deal 
represent events which occur one after another 
in time, the arrangement is called a time 
serieg. Thus, in the example above, if 10, 12, 
11, end 13 represent the price of cotton for 
eaci of jour consecutive years, or represent 
the number of accidents on each ot four con- 
secutive days, you would cal] the numbers Ly 
this name—~a time series. 

You could still averaye the numlers and 
say, for exinple, that the average price for 
ali iour years was 1]! cents, or that during 
the period there was an average wi 1 ]% acci- 
dents per day, as the cese miyiit Le. 

You could also say that the averaye price 
for the first three years was 1] cents, (1C + 
12 + 11 (33) divided Ly 3) and that the aver- 
age price for the last three years wes 12 
cents (lo + 41 4.12 (36) divided Ty 3).. 
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Moving Averages 

A moving average is merely a succession of 
averages secureu {roi a series of numbers ly 
dropping the iirst nuuLer (item) in each group 
averaged anc incivding tve next number in the 
series after the ,;roup, thus obtaining the 
next group to Le averayed, and so on. 

Thus, when you uveragea tie first three 
numvers of our iiwe series (10, 12, and 11) 
anu pot ll , auc tien dropped the first number 
(10) and aaded the fourth number (13) and 
averaged again and got ]2, you were construc- 
ting a movil, average. kasy, wasn’t 1t? 

l!ecause you were averaging three itens at a 


a 


time, you woulu call the result a 2-item or 
3-term moving averaze. Tf the items repre- 
sented yearly values you would cali the result 
a 3-year moving average. If the items repre- 
sented daily values, you would cal] the result 


a 3-day moving average. 


Moving Totals 

The moving total is the series of succes- 
sive totals from which the moving average is 
computed. 

For example: When, above, you added 10, 
12, andl] to get 33, and then added 12, 11, 
and 12 to get 36 (as a step in the task of 
getting 1] and 12, the two tems of the moving 
average), you were computing a moving total. 

It was so easy that you aid it without 
knowkng 1t! 

the moving total, lixe the moving averaye, 
should Le posteu in a taLle or plotted on a 
chart against Utne middle item of tie group of 
items Leing totailed, as will Le explained 
lelow. 
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Plotting or Posting Moving Averages 

“Mach item or term vi a moving average 1S 
always properiy postea or piotted against the 
center of tne group of items Leing averaged. 

“Many otherwise intelligent people tool 
themselves into thinking that if they plot or 
post an average against the last figure of the 
group of figures leing averaged they somehow 
are getting later values. Of course this is 
nonseuse . 

Ti the values for 1933, 1934 and 7935 were 
10, 12, anu J] respectively, the average for 
these three years is ]], whether we say 1] for 
the three years beginning in ]933, or 1] tor 
the three years centering on 1934, or J} for 
the three years ending in 1935. in talking 
aLout an average, we could choose any one of 
the three ways with equal propriety, as long 
as we made it clear which way we had chosen. 
But when averages are posted to a table, or 
plotted as a point on a chart, they must Le 
posted or plotted against the middle of the 
group of figures being averaged, otherwise 
convention will Le violated and, much more 
important, Gistortions are introduced into all 
further work. (The reasons for this will ap- 
pear later.) Let wwe repeat, moving averages 
must always ve posted or plotted against the 
central item of tire items being averaged. 


Two Exanples 
To make the process doubly clear, let us 
work out teo examples: 


TABLE 1. 
COMPUTATION OF 3-YEAR AND OF 7+YEAR MOVING A VERAGES 


COMPUTATION OF A COMPUTATION OF A 


3-YEAR MoV. AVER. 


A B Cc D E 
3-YEAR 3-YEAR 7-YEAR 7-YEAR 
MOVING MOVING MOVING MOVING 
TOT.OF AV. OF TOT.OF AV. OF 
YEAR DATA Gout. JA Coc. A Cot. A Cot. A 
(CoL.B:3 (CoL.D:7 
oR COoL.B or CoL.D 
Xe173 xX 1/7 
1933 10 > ° . ° 
1934 12 33 11 ° ° 
1935 11 36 12 : : 
1936 13 40 13,173 91 13 
1937 16 43 14 1/3 98 14 
19 38 14 45 1S 109 15 4/7 
1939 15 46 1St/s 127 18 1/7 
1940 17 55 18 1/3 149 PV PAT 
19 41 23 69 23 yf) 24 5/7 
1942 29 87 29 - A 
1 943 35 104 34 2/3 ° ° 
1944 40 : . = rt 


7-YEAR Mov. AVER. 


It is obvious that with a 3-year moving 
average there are no values to place against 
the first and the last items of the series. 
With a 7-year moving average there are no 
values to place against the three first and 
the three last items of the series. In con- 
structing a moving average one always loses 
one or more tems at each end. 


Fo mul ae . 
The formula tor a 3-year moving average 1S 


MApke eee 
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where a to c represent successively each three 
consecutive terms of the data and MA), stands 
for the 3-year moving average to Le posted 
against the central term, h. 

The formula for a 7-year moving average 
would be 


MA peo ae bee cos idseeneetie les 
d 7 


where a to x represent successively each seven 
consecutive terns of the data and MA, stands 
for the 7-year moving average to be posted 
against the central term, d. 


Mechanical Details of Computation 


As has Leen explained, to get a 3-year 
moving average, one first computes a 3-year 
moving total, ana divides each item of the 
moving total by 3. 

To get the first fyure of the moving total, 
add together the first three items of the 
data. To get the next figure of the moving 
total you suLtract the first iten of the data, 
and add the fourth. This process gives you the 
sum of items 2, 3, and 4. You proceed in this 
way successively. 

In actual practice it is hard to pick out 
which items to add and which to subtract. You 
get mixed up. 

To make the calculation foolproof, cut two 
slots out of a card or piece of paper so as to 
expose the first and fourth 
ltems in the series, but not 
the second and third. In our 10 
example in Table 1, it would 
biovouke, ska ke. (eh vies 
(The lines batween slots must 
always be one less than the 
number of terms in the moving 
average.) 
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Place this screen over the data so that the 
first item (in this instance ]0) appears in 
the upper slot ana the fourth item (in this 
instance 13) in the lower one. 

Now, from 33, the sum of the first three 
figures, already posted in Col. R, subtract 
whatever appears in the upper slot (10) and 
add what you see in the lower slot. This gives 
you 36 which you enter in Col. opposite the 
arrow. (The arrow is placed against the middle 
figure of the three items whose total is ob- 
tained by this methoa.) 

Now, slip your screen down a 
line so that 12 shows in the upper 
slot and 16 in the lower one. 

From 36, subtract 12 and add 16 
to get 40, the third item of your 
moving total. 

Continue in this way until you 
have dropped 23 and added 40 to 
come up with the final item in the 
moving total, namely 104. 

Now, add together the last three 
1tems of the data-- 29 + 35 + 40, 
to get 104 as a check on the accu- 
racy of your work. 

If you use an adding machine 
with direct subtraction, your tape 
will look like the figures shown 
to the left: 

I find it Letter to run the en- 
tire tape before posting any values 
to Col. E. One reason is that it 
1s guicker to do your posting all 
at once. Another reason 1s, if you 
should make an error you will not 
need to erase from Col. E all the 
figures from the error forward. 

In doing long columns of figures, 
I also find it a good idea to check 
every 50 or 100 items by adding up 


the proper number of items of the original 
data to see if the total agrees with the sub- 
total on my tape. 

Now that we have our moving totals (Col. B) 
we compute the moving average either by di- 
viding each figure of the moving total by 3 or 
by multiplying it Ly the reciprocal of 3. This 
latter method is often easier. The reciprocal 
of a number is 1] divided Ly the number. In 
this case it is .333333. 

Actually, .333333 x 33, the first figure in 
Col. B is 10.999989 which, of course, rounds 
to 1]. To get the 1] in the machine directly, 
I always record the last digit of the reci- 


procal as one more than it really is. In this 
case we would therefore have .332334 x 33 or 
11.000022. The error is twice as large, but 
the excess is dropped anyway and this method 
Saves the need of rounding. 


Alternate (Short-Cut) Method 

You can compute a moving average directly 
without computing the moviny total. When a 
calculating machine is availalle, this method 
1s usually preferable. The method is a little 
hard to descriie Lut very easy to conpute. 
Proceed as follows: 

Place the reciprocal of the number of items 
of the moving average in the machine. As we 
are computing a 2-item moving average, we put 
in the machine the reciprocal of 3 which is 
1/3 or .333383 (only, as above, we call it 
. 333334). We lock this figure into the machine 
for the whole operation. 

We first multiply this reciprocal ly the 
Arst. item of our data, 10, and obtain. 3733334. 
Without renoving this product, we then mul - 
tiply the reciprocal Ly 12 (add it in ]2 tim- 
es) and obtain a total oi 7.333348. Nithout 
renoving the product we then multiply the 
reciprocal Ly I} to oltain a grand total of 
11.000022 or 11, which is the first figure of 
our moving average. (1/3 of the first item 
+ 1/3 of the second item + 1/3 of the third 
item is the same as the sum of the tirst three 
items divided Ly 3.) 

We then remove ]/3 of the first figure Ly 
subtracting the iocked-in reciprocal ]0 times 
to get 7.665682 and multiply (add the reci- 
procal in) 13 times to obtain 12 000024 or 12, 
the second figure of our moving average. This 
process 1s continued right down the column 
until 23 times the reciprocal has been removed 
and 40 times the reciprocal has Leen added in 
to obtain 34 .464736 or 34 2/3 for the moving 
average value for ]943. This value is checked 
by adding together 29 times the reciprocal, 
35 times the reciprocal, and 40 times the reci- 
procal, or adding 29, 35, and 40 and dividing 
Ly three. 

If we were computing a 7-year moving av- 
erage, we would, of course, use the reciprocal 
of 7, which is .142858 (the last figure has 
Leen raised Ly one).. To get the first item 
(or term as it 1s more usually called) of our 
moving average, we add together the sum of 
this reciprocal times each of the first seven 
items of the data, and then add and subtract 
products of the reciprocal as above. 
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Moving Averages Witu an Even Number of | tems 

You may have noticed that so far we have 
talked exclusively akout moving averages with 
an odd numLer of terms—3 or 7. 

When we compute moving averages with an 
even number of terms such as 2 or 4, we run 
into a slight complication, due to the tact 
that the moving average must always be posted 
or plotted against the middle of the group of 
data being averaged, and the middle of an even 
number of items fall between two of the items. 

We could post or plot a 4-year moving av- 
erage between the years and this 1s sometimes 
done, as in the table on the following page: 


TABLE 2. 
COMPUTATION OF A 4-YEAR MOVING AVERAGE 


at 


A B (e 
4-YE AR MOV. TOT. 4-YEAR Mov. AVER. 
oF Cot. A OF CoL.A (CoL.Bt4 
YEAR DATA oR Coc. B x .25) 
19 33 10 
1934 12 
Sate eS 46... . . IN (AT POSITION 
1935 1 19344) 
ee AO Coane 52s cmcmps e CAT POSIGINION 
1936 13 19354) 
19 37 16 
However, the results of this method of 


posting are very awkward to descrile in words 
and preclude any coinparison Letween the moving 
average and the original data. Therefore, in 
practice it 1s almost universal to compute 
a 2-item moving, average of the even-term mo- 
ving average in order to center the moving 
average exactly, thus: 


TABLE 3. 
COMPUTATION OF A 2-YEAR MOVING AVERAGE OF A 4-YEAR 
MOVING AVERAGE 


A B (@ D E 
4-YEAR 4-YEAR 2-YEAR 2-YEAR 
MOVING MOVING M OVING MOVING 
YEAR DATA ToT .oF AV. OF TOT.OF AV. OF 
Cot. A Cou.wA Cots «C Coms, D 
( CoL.Bt4 (CoL.D2 
oR CoL.B or Co..D 
xX .25) x. 5) 
1933 10 
1934 12 
7 ee a 46. it 
1935 11 ne 244i. 12s 
Be ey ahve he wit 2h g's alS 
1936 te ar Sate c > SOMA icine Sitch oe 264. . 134 
ni Caan Oe ney. She gecthanae’ NS) 3 
1937 16 
1938 14 
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You note that the tirst item of the 2-year 
moving average of the 4-year moving average 1s 
centered exactly against 1935; the second item 
is centered exactly against ]93A. 

In practice one would have computed a 4- 
year movin total, then a 2-year movin; total 
of the 4-year moving total, and divided these 
values by &, thus: 

TABLE 4. 


COMPUTATION OF 2-YEAR MOVING AVERAGE OF 4-YEAR 
MOVING AVERAGE =P REFERRED METHOD 


A B Cc D 
4-YEAR 2-YEAR 2-YEAR Mov. AVER. 
MOVING MOVING OF 4-YEAR MOV.AV. 
YEAR DATA ToT. OF ToT.oF oF Col. A 
Cot. A Colas (Co... C+ 8) 
1933 10 
19 34 12 
a Lee ey BAG 
1935 hee ee sens) Sa 8 ee .125 
bn! ae ete eo ys 
1936 Se, BO TS EOS 134 
Fekete aad, RA 
1937 16 
19 38 14 


Or one would have used the short-cut inethod 
and conjuted a 4-year moving average directly, 
as explained above, without Lothering with the 
4-year moving total. One could also have com- 
puted the 2-year moving average of the 4-year 
moving average directly Ly the same means: 


TABLE 5. 
COMPUTATION OF 2-YEAR MOVING AVERAGE OF 4-YEAR. MOV- 
ING AVERAGE « SHORT-CuT METHOD 


A B c 
4-YEAR MoV. 2-YEAR MOV. AVER. 
YEAR DATA AVERAGE OF OFeCOL. 1B. Sia a A 
Cor.A, Com. 4-YEAR MOV. AVER. 
PUTED DIRECTLY OF COL.A,CENTERED 
1933 10 
19 34 12 
bra ae Sao par shea Nt 
1935 Mec KomeinOnG Tian Deer es 6 Pps" 
a OO Te 13 
1936 135% Ey, MINE 134 
rene. T - 134 
19 37 16 
1938 14 


Also, in actual practice, to save Space , 
one posts the 4-year moving, averace in either 
the second or tiird position Lut marks it 
clearly to indicate that it is not truly cen- 
terea as it shoula le, thus: 


> PRANG: 19:5 4 
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TABLE 6. 
COMPUTATION OF THE 2-YEAR MOVING AVERAGE OF A 4-YEAR 
MOV.AVERAGE--POSTED AS IT 1S DoNE IN ACTUAL PRACTICE 
oS 


A B Cc 


4-YEAR MOV.AV. 2-YEAR Mov. AVER. 
POSTED TO THE OF 4A-YEAR Mo. AV. 


YEAR DATA SECOND POSITION 1.€. A CENTERED 
(CENTERED MINUS 4-YEAR MOV. AVER. 
4 YEAR) OF COL.A 
ee ee ee a re oe a ee 
1933 10 
1934 12 46 
1935 11 52 12i 
1936 13 54 134 
1937 16 
1938 14 


In any event, the final column is callea a 
2-year moving average of a 4-year moving aver- 
aye or, more usually, a centered 4-year moving 
average. 
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This second section of the report will tell 
you how to use the noving: average in statisti - 
cal proceuure, with particular emphasis upon 
its use in cycle analysis. 

The moving’ average is used (a) to seootn 
time series, (L) to approximate the trenu ol 
turetseries, and.(c),,.4an cycle analysis, to 
help us (1) to separate cycles and (11) to ol - 
taln a more exact estimate of the character- 
istics of each of the various cycles that may 
Le present. 


A. The Use of the Moving Average 
to Smooth Time Series 


The chief use of moving averages in ordi- 
uary statistical procedure is for the smooth- 
ing of time series. As this use of the moving 
average as such does not particularly concern 
the cycle analyst, it will Le touched upon 
here only very briefly.. 

4 smoot curve is one which does not change 
its slope in a sudden or erratic manner. The 
stucent interested in smoothing time series 1s 
reijerred to Frederick R. “iacaulay’s classic, 
The Smoothing of Tiine Series, pul lished ly the 
‘ational {ureau of Fconomic Fesearch (New 


Formulae 
For those who like to have relationships 
expressed in formula form, it may le stated 


that the formula tor a centered 4-year MOVIN gE, 
average 1S: 


MAb = a $2 DLE 4 c+ Daere 
CS at eae. og eek 


or more simply: 


Mat betve +d +. 


4 


where a to e represent successively each five 
consecutive items of the data and NA. stands 
tor the 4-year moving average to Le plotted 
against c, the center term or item. 


AA 
Aus 


THE USk OF THE MOVING AVERAGE 


York) in 1931. ‘this Look is now out of print 
Lut you can occasionally pick up a copy ("5 to 
€10) in second-hand took stores and of course 
you can always consult it at any gooa library, 


Che Effect of Moving Averages Upon flandon 
Fluctuations 


Tt should Le obvious that the eTect of mov- 
ing averages upon random fluctuations 1s to 
average out the irregularities. Jt snould le 
eaually olvious that the more items that are 
comlined into the moving average, the smnoother 
will Le your result and tie closer it wall 
approximate the average value of the succes- 
sive numbers. One example should Le enough to 
make this pertectly clear. 

In Col. A of Tal-le 7 are shown 290 digits 
taken at random trom the New York City tele- 
phone book. For demonstration, these digits 
have been smoothed Ly a 3-item moving average, 
a 7-item moving average, anc a centered ](- 
1tem moving average. See Fig. 1] on page 307. 

Tt is obvious by inspection that as we in- 
crease the number of items of the moving aver- 
age, the closer all terms of the moving aver - 
age approach the averagye value of all the dig- 
His twine ees ls 


32 


JOURNAL. OF CYCLE? RESEAnGH 


ee 


TABLE 7. 


VARIOUS MOV. AVERAGES OF A SERIES OF RANDOM NUMBERS 


A B G D 
RANDOM NUMBERS 3-1 TEM 7-1 TEM CEN TERED 
(TAKEN FROM THE Mov.AVER. MOov.AVER. 16-1 TEM 
{TEM TELEPHONE BOOK) OF COL.A oF CoL.A MoVv.AVER. 
oF CoL.A 
1 6 : : : 
2 6 6.67 : : 
3 8 6.67 : ° 
4 6 4.67 5.00 : 
5 0 253 5.28 ° 
6 1 3.00 5. 28 ° 
U 8 5.67 4.43 
8 8 posse} Sival : 
9 6 5.33 5.00 5. 19 
10 2 3.00 Stion, 4.81 
1 1 4.00 5.14 4.66 
12 9 5.00 5. 00 4.66 
13 5 6.33 5. 28 4.84 
14 43) 5.67 5.00 5.09 
15 7 6.67 4.86 5.09 
16 8 5.00 4. 86 5.06 
17 0 2367 4.86 Seale 
18 0 3.00 5.14 5.12 
19 9 4.67 4.43 5.03 
20 5 7.00 4.28 5.00 
21 7 4.67 5.43 5 .06 
22 2 5.33 6.57 5.09 
23 7 5.67 5.28 : 
24 8 7.67 4.57 . 
25 8 5.33 4.86 . 
26 (0) 2.67 5.57 : 
27 (0) 3.00 5.14 ° 
28 9 S33 - - 
29 7 6.67 : 5 
30 4 : : 
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Of course tie process of smoothing also has 
the effect of minimizing cyclic flt:ctuations 
that may Le present in the data as well as of 
smootiiing out ranaor fluctuations. It would 
not seem uecessary to illustrate this fact at 
this point. 


Weighted Moving Averages 

Jn counection with smoothing a time series, 
one often gets Letter (1.e. smoother) results 
by the use of severak successive smoothings. 
For exanple, 1f one took a 2-year moving aver- 
azc of a “-year moving average otf a 9-year 
nmoviny averase Oi a time series, one would ob- 
tain a muct smoother curve than could Le ob- 
tained ly any of these moving ‘averazes taken 
separately. 

the compound elfect, of such a series of 
consecutive moviliz avera;es could be expressed 
ly the lollowing formula: 


a+3beSc4*7d+9e+] i+] 2e+12he+]2i+ 


MSA +113 +9k+7] +5m42n+0 
ar 108 


Such a moving average is called a weighted 
woving average because for each item of the 
inoving average each of the terms is used a 
different numLer of times and therefore with 
ditterent weights. 

In the formula described, for any one term 
of th: moving average each of the items g,h, 
and i have 19 times the effect or weight in 
the composite as do items a or a, which are 
used but once. 

“acaulay reports upon many formulae which 
have Leen developed Ly various investigators 
in order to achieve particular purposes. For 
example, ‘....take a 3-months moving total of 
a 5-months moving total of an 8-months moving 
total of a ]12-months moving total of the data. 
To the results apply the following extremely 
simple set of weights: #2, -3, 0, 0.070; 
O; a4 3 O20, 0, OF 0,25, 4 2. Dividestherss- 
nal. results by 144(.:” 


A weighted moving average of the sort de- 
scriled above, with negative weights near the 
ends, if properly designed, will overcome the 
tendency of the ordinary moving average to 
stay too low at cycle tops and too high at cy- 
cle bottoms. 

Some of these formulae become rather com- 
plicated For example: 

“ Take successively a 3-months moving total 

of the data, a 5-months moving total, an- 

other 5, an &, and a 12-months moving to- 
tal. To the results apply the following set 

of weights: + 7,331,771, = 1,949,056; 0. 

05°05 050," © 2 eITS 430), Orato Uae ae cele 

- 1,949,056, + 1,331,771. Divide each of 

the final results by 6,773,760,0%. ” 

In view of the faet that Macaulay has cov- 
ered the subject so admirably and the further 
fact that we here are not interested in smooth- 
ing as such Lut only in the smoothing that may 
result as we use the moving average in the 
detection and isolation of cycles, it seems 
unnecessary to give further attention at this 
time to this aspect of the subject. 


B. The Use of Moving Averages 
in Trend Determination 


The moving average is often used to give an 
approximate measure of the trend of a time 
series. 

Trend may be defined as the tendency of da- 
ta 1n a series to increase or decrease over a 
loug perioa of time. How long is ‘“* long” de- 
pends upon circumstances. 
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The talle Lelow shows, Ly means of con- 
trolled data, three trend lines and, in con- 
nection with each, its 5-year moving averaze. 


The trend shown in Col. A increases by ‘a 
Constant amount, ‘The trend shown in Col. C in- 
creases ly anounts that get progressively 


greater as time goes on. The trend shown in 
Col. F increases ly atounts that get progres- 
Bively iess as time goes on. Cols. |}, I, and F 
show a 5-year moving, average tor each of these 
three trend lines. The trends, with their 
moviny averages superimposed ly means of liro- 
ken lines, are showi in Fip. 2 on page 307. 


TABLE 8. 


5-YEAR MOVING AVERAGES OF CONTROLLED DATA 


SHOWING EFFECT UPON THREE 


DIFFERENT TYPES OF TREND 


A B G D E F 
A TREND 5-YEAR A TREND 5-YEAR A TREND 5-YEAR 
WHI CH MOVING THAT MOVING THAT MOVING 
INCREASES AVERAGE INCREASES AVERAGE INCREASES AVERAGE 
BY A OF BY AMOUNTS OF BY AMOUNTS OF 
CON STANT Come AY THAT GET, Colnuse THAT GET Colnse 
YEAR AMOUNT GREATER SMALLER 
1ST 40 : (6) - (6) . 
2ND 80 : 5 ° 80 - 
3RD 120 120 IAS 20 55 150 
4TH 150 160 30 35 225 220 
5TH 200 200 50 55 290 285 
6 TH 240 240 75 80 350 345 
7TH 280 280 105 110 405 400 
8TH 320 320 140 145 455 450 
9TH 360 360 180 185 500 495 
10TH 400 400 225 230 540 S315 
117TH 440 440 VANS 280 S75 570 
127TH 480 480 330 335 605 600 
13TH 520 520 390 395 6 30 625 
14TH 560 560 455 460 6 50 645 
157H 600 600 525 530 665 66C 
16 TH 640 : 600 : 675 : 
17TH 680 680 680 : 


(Srem mich 


It will le noted Ly comparing, the moving 
averages with tiie trena that wnere, as in Col. 
A, the trend increases Ly a constant amount 
the moving average coincides with it. “here, 
as in Col. C, the trend increases ly amounts 
that get greater as we £0 from year to year, 
the moving average lies above the trend. 
Where, as in Col. FE, the trenu increases Ly 
amounts that get less trom year to year the 
moving: average lies Lelow the trend. 


fie Ueomatric Moving Average and Its Use 

kor growth curves that increase ly an in- 
creasing amount, such as the curve set forth 
in Col. C above, we can usually get a letter 
fit Ly computing the geonetric moving average. 

In fact when the yrowth increases Ly in- 
creasing amounts such that the rate of prowth 
is constant, the geometric moving averave will 
pive a periect fit. 

‘Ihe ypeometric moving average 1s verely the 
atn root of the terms multiplied to,ether 


2 ON PAGE 307) 


instead of the nta of the terms added to- 
gether. For example, for a *-vear geometric 
moving average, insteag ot successively eddiag 
together each tive consecutive teri s and di- 
viding Ly tive, you successively multiply to- 
tive consecutive terms and take 


gether each 
ihe tormulae 


the fifth root of tire product. 
for a 5-year arithmetic moving average and a 
S-year ;eonetric woving averaye are as tol - 
lows: 

Tie arithmetic moviny averare: 


As er Guede Citra 


VAG * : 
‘Ihe peometric moving average: 
GVA. = fa Nee Ge hor i @ 
Of course, 1m practice, to eet a » cometric 
movins average, one merely looks up the loga- 


i 


rithms of the data in a table of logarithms, 
records them as in Col. B in Table 9, which 
follows below, computes the arithmetic moving 
average of the loys, and reconverts Ly looking 
up the antilogs, all as demonstrated in the 
table. 


TABLE 9. 
COMPUTATION OF A 5-YEAR GEOMETRIC MOVING AVERAGE 
CONTROLLED DATA 


A Ba (e D 
DATA Loc6s 5-YEAR ANTI LOGS 
(TREND, WI TH OF ARITHMETIC OF COL.C 
CONSTANT 6% COL.A Mov. AVER. 1.£.5-YEAR 
YEAR RATE OF OF THE LOGS GEOMETRIC 
GRO WTH ) MOV.AVER. 
OF CoL A 
1ST 100.00 2.0000 : : 
2ND 106.00 AMO) OAS! : : 
3RD telizinso 2.0506 2.0506 112.36 
ATH 119.10 2.0759 2.0759 1#9.10 
5TH 126.25 QaOri2 2.1012 126.25 
6TH 133) .8'2 2.1265 2.1265 1133. 8'2 
7 TH 141.85 2.1518 2.1518 141.85 
8TH 150.36 2.1771 PAGAN TEL 150, 36 
9TH 159.38 2.2024 2.2024 159.38 
10TH 168.95 Ph PICA | (25 7272 168.95 
11TH 179.08 22530 (dy PAVEXO) 179.08 
127TH 189.83 2.2784 2.2784 189.83 
13TH 20122 (25 SiO S7/ Zep OSi7, 7X0)4| 6 FAP 
14TH 213. 29 2.3290 2.3290 21g 29 
5h 226.01 Pag SMey. 1s) - - 
16TH 239.66 2. 3796 : : 


As the 5-year geometric moving average 1s 
seen by inspection to le the same as the data, 
there seems to Le no need to chart the result. 

When the rate at whicis the curve increases 
is decreasing, the geometric moving average 
will lie lelow tne curve. When the rate at 
which the curve is increasing, the geometric 
moving average lies alove the curve. ‘hen the 
rate of growth 1s constant, as in the example 
above, the geometric moving average lies on 
the curve. I tind the zeometric moving aver- 
age very useful, and use it a great deal. 

tven though very few curves grow at an ab- 
solutely constant rate of srowth, it is true 
that many growth curves tend to increase this 
way and are concave upward when plotted on 
arithmetic paper; in other words, they ,row 
{rom year to year in an alsolute amount which 
increases with each successive term. Ihis is 
one reason why, 1n most cycle analyses it is 
usually desiralle to deal with the lovarithns 
oi the data insteaa of witi tne data them- 
selves. 


JOURNAL OF CYCLE RESEARCH 


—_ => 


C. The Use of the Moving Average 
in Cycle Analysis 


iow can a knowledge ot moving averages Le 
used to assist you in cycle analysis—that is, 
(i) to help you detect ana separate cycles 
that may Le present in the data you are study- 
inp, and (11) to help you to oLtain a more 
exact knowledge of their characteristics than 
would otherwise Le possitle? 

ivery time you compute a moving average ot 
a time series you affect cycles of every 
length that may Le present in that series. 
but, you influence cycles of different length 
in very difterent ways. And this fact 1n turn 
has an eitfect upon tiie comparison that you may 
make Letween two different moving averages or 
between the original data ana the moving 
average. 

Therefore, where there are several cycles 
vresent concurrently in a time series, ly a 
suital le selectio. of moving averajes, you can 
minimize or even eliminate some of these cy- 
cles and leave others virtually unchanged or, 
it you wish, magnified. 

‘To see how to make these manipulations, you 
must first examine the effect of moving aver- 
az;es of different lengths upon a pertectly 
regular cycle that we can use for purposes of 
demonstration. 

Yhis trings up the question of the shape of 
the cycle that we snould use. However, letore 
we Legian to talk alout cycles and wave shapes, 
we will need to have in mind a tew more defi - 
nitions of terms. ¥ith these out of the way we 
can return to a discussion of the proper shape 
of wave to use for our denonstration, without 
the need otf interruptinse the discussion to 
Getine terms as we go along. From that point 
we can ¢0 on to a discussion of the etfect of 
moving averages upon the wave stipe we have 
chosen. 


Definitions of Certain Terms Used 


in Cycle Analysis 
Cycle, coming from a Greek word meanings. 
circle, implies comin, around to tire place ot 
Lepinning. Strictly speaking, in the wora it- 
self there 1s no necessary iwplication ot 


rezularity, fut the word is often used loosely 
to denote rliythm or periodicity. 
Rhythm, coming trom a Creek word meonin: 


measured time, 1ipies a leat, or a tenuency 
toward perlect regularity or periodicity. It 
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Fige 2 
A. Trend thet rideeaacys a constant amount to= 
gether with its 5<year moving average. (The 
moving average does not show because it coin= 
cides with the trend.) 
B. Trend that increases by increasing amounts and, 
broken line, its 5-year moving average. -Note 
Ki 1 that the moving average lies above the trend. 
&- C. Trend that increases by decreasing amounts and, 
broken line, its 5<year moving average. Note 
that the moving average lies below the trend. 


A. Random Numbers 

B. Their 3-Year Moving Average 

C. Their 7-Year Moving Average 

D. Their 16-Year Moving Average 
Note that the longer the moving 
average, the smoother the curve. 


SESSESoSaao= 


Fig. 7 


9-Year Rectilinear Wave 
and, broken line, 
Its 9Year Moving Average 
Note that a 9-year wave is completely 
eliminseted by a 9-year moving average. 


6—Year Rectilinear Wave 
and, broken line, 
Its 6-Year Moving Average 
Note that a Geyear wave is completely 
eliminated by a 6-year moving average. 
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is what we really mear on most of the oc- 
Casions when we use the word cycle. 

Cycle analysia, as we are using the term in 
this Lulletin, should really Le called rhythm 
analysis, as we are concerned with rhythmic 
cyclas—cycles that recur with a heat. 

Periodicity, in the strict sense, is the 
quality ot leing regularly recurrent. It is a 
quality not often found in nature. The ideal 
cycles that we shall presently construct for 
purposes of demonstration, however, are true 
periodicities. 

A wave is one single cycle or undulation. 
Waves have frequency, anplituda, period, and, 
at least when they represent harmonic curves, 
phase, 


Frequency is the number of complete vi- 
Lrations to and fro~—i.e. waves—per second. 
It is a term not used by cycle analysts when 
dealing with cycles that are over a second 
in length. 


Anplitude is the range on one side or the 
other fram the axis around which the wave 
oscillates. Positive amplitude is the distance 
aLove the axis, negative aaplitude is the 
distance below the axis, overall anplitude is 
the sum of the positive and negative ampli- 
tudes. Amplitude may Le expressed in absolute 
units or as a percentaze of the axis or trend. 

Period is the interval of time required 
for a periodic motion to complete a cycle and 
Legin to repeat itself. It 1s the length of 
the wave from crest to crest or trough to 
trough or fron some other point on the curve 
taken as the epoch. (The epoch is the point on 
the curve chosen as the Leginning of the wave. 
In physics and astronomy it is usually taken 
as the point where the curve crosses the axis 
on its upward motion, but it may Le any other 
point as well.) 

Phase, in a simple harmonic curve, is 
point or stage in the period to which 
oscillation has advanced considered in 
lation to a standard position or assumed in- 
stant of starting. It is measured alony the 
axis, usually in devrees. ly extension of 
meaning, positive pnase is therefore the part 
of the wave alove the axis or trend, and ne- 
yative phase is the part of the wave Lelow the 
axis or trend. When the crests (or troughs) of 
two or nore different series of waves come at 
the same time, the waves are said to Le in 
Phase with each other. When the crests of one 
series of waves coincides with the troughs of 
another series, the series are spoken of as in 
reverse plasa, 


the 
the 
re- 


JOU RESEA 


A siaple harmonic curve referred to once 
or twice alove, is the curve you would get Ly 
tracing the motion of a pendulum upon a niece 
of smoked paper that was moving at uniform 
speed at right angles to the direction in 
which the pendulum was swaying back and forth. 
It is perfectly simple, regular, and sym- 
metrical and in mathematical study, is usually 
referred to as a sine curve. A single oscil- 
lation is called a sine wave. Jhis curve, and 
many of these definitions are illustrated in 
Fig. 3 on paze 307, 

A ractilinear or saw-tooth wave, on the 
other hand, 1s a wave the sides of which are 
straight lines; in other words, zigzag. See 
Fig. 4 on page 307, In electrical engineering 
a rectilinear wave usually refers to a square 
wave of this shape Mus7.J, Lut the term has 
a more general application alsa. 


Wave Shapes Usually Found 


because sine waves are so simple in shape, 
so easy to combine with each other and so 
satisfactory to handle mathematically, and 
Lecause they are the shape taken by sound 
waves and many other kinds of waves with which 
the physicist deals, 1t 1s assumed by .many 
Students of cycles in climatology, biology, 
economics, and other fields that the waves 
with which they deal ought to be sine shape 
toa. 

Unfortunately things are not always what 
they ‘Sought ” to be. It has Leen my experi- 
ence that waves in economic and Liologic time 
series seem never to Le sine shape (but this 
does not mean that the next wave I study might 
not be of this shape). 

It is hard to Le sure of the exact shape of 
a wave. There are almost always variations of 
length and of anplitude, as we go from one 
wave to the next. Also there are usually sev- 
eral rhythms present concurrently, and they 
mix each other up. Finally, there are random 
factors that enter into the picture which 
sometimes cannot Le removed easily without 
distorting the wave shape. Therefore I can- 
not say I am sure of the exact mathematical 
average shape of the waves in any rhythm I 
have ever studied. 

However, if I were forced to express my 
best guess, I would say that the waves we find 
in weather, Liology, medicine, economics, 
hydrology, geology, etc.., are likely, on the 
average, to Le approximately rectilinear, 
that is saw-tooth or zigzag. It is not an 
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accident that the ‘‘ ideal ” waves that I have 
diagramued in many of the charts’ that have 
Leen published are of this shape. 

More exactly, I would put it that the loga- 
rithins of the data seem, on the average, to 
conform to a zigzaz shape. The result of this 
fact, of course, is that the average wave 
shape 1s saw-tooth when the raw data are plot- 
ted on semi-logarithmic paper. This is another 
way of saying that the sides of the average 
wave seem to follow the shape of the compound 
interest curve. That is, the percentage rise 
from the trough to the axis is the same as 
the percentsge rise from the axis to the crest 

For example, if the trough is at 5% and the 
axis 1s at 100, the crest would be at 9% (not 
3%); one hundred is twice %, and two hundred 
1s twice one hundred. A wave that follows this 
law is illustrated in Fip. 5 on page 307. 

(Ihe characteristics just described offers 
another reason why it is usually so highly 
desirable, in subjecting a series of figures 
to a rhythm analysis, to convert the raw figu- 
res into logarithms before starting work, and 
to work with them throughout the course of the 
analysis.) 

May I hasten to say that these beliefs are 
entirely the result of olservations as to how 
the waves in general actually do behave, and 
are in no sense the result of theories as to 
how the waves ‘f ought ” to behave. I do not 
yet know enough to talk “‘ oughts. ” 

A second characteristic of the average 
waves of the rhythms I have studied is that 
with most of them the upward movements and the 
downward movements seem to be symmetrical. 
That is, the lows tend to fall midway between 
the highs, and vice versa. This characteristic 
is so generally true that I have come to sus- 
pect as possilly spurious any average wave 
which, without a reason, fails to contorm to 
this pattern. 

On the other hand, J have come across un- 
coubted rhythms where the average waves were 
very definitely neither symmetrical nor of 
simple zigzag or compound interest form. It is 
not safe to try to generalize too rigidly. 

In discussing the etfect of moving aver - 
ages upon periodic waves, I have chosen for 
illustration a perfectly symmetrical rect- 
ilinear or zigzag wave, because for small 
amplitude waves this is a close approximation 
ot the typical form and is in fact seemingly 
the exact form when the data are converted to 
logarithms. 
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The Kifect of Moving Averages 
upon Periodic Waves 


1. Simple Waves 
a. when the Lenght of the Moving Average 
is the Saae as the Length of the Y.ave 


Suppose yuo have a time series that evi- 
dences a perfectly regular 9-year cycle that 
repeats itself time after time as in Fig. 4 
on page 307. ine figures for the annual value 
of such a time series are given Lelow. 

Let us compute the 9-year moving average of 
this series ot figures as in Col. C of ‘lalle 
10% 

It is olvious from reference to Col. C that 
the wave has disappeared and that the moving 
average is merely a straight line. this 
Straight line has Leen plotted as a Lroken 
line in Fig. 4. 

A moment’s reflection will explain the 
reason for this Lelavior. As the length of 
the moving average 1s the same as the length 
of the wave, the value of the item that is 
added 1s always the same as the value of the 
iten that 1s dropped and, in consequence, tne 
moving; average remains unchanged. 

It 1s possille to generalize the alove ob- 
servation and to say that when the moving © 
average has the same length as any pertectly 
regular wave, its effect is to eliminate the 
wave completely . 


TABLE 10. 
A 9-YEAR MOVING AVERAGE OF A 9-YEAR WAVE IN 
CONTROLLED DATA 


A B Cc 
CON TROLLED 9-YEAR 9 -YEAR MO.AV. 
DATA MOVING OF THE DATA 
EVIDENCING TOT.OF (CoL. B+ 9; 
A 9-YEAR DATA OR TIMES 1/9; 
YEAR WA VE OR TIMES 
SUTIN. THE 
RECIPROCAL OF 9 
{Siti 105 ° - 
2N0 ths : ° 
3RD 125 : : 
4TH 5 : = 
5TH. 105 925 102.8 
6 TH 95 925 102.8 
7TH 85 925 102.8 
8TH 85 925 102.8 
9 TH 95 925 102.8 
10TH 105 925 102.8 
117TH 115 925 102.8 
12TH 12 925 102.8 
1 37TH ae 925 102.8 
14TH 105 925 102.8 
15TH 95 : - 
16TH 85 : C 
17TH 85 ° So 
187TH 95 : * 


Yo make the procedure doubly plain and to 
pa‘e the way for a discussion of a method of 
separating compound cycles, let us work an- 
other example. Table 11, next following, 
sives a series of figures evidencing a per- 
fectly regular f-year wave. The data are giv- 
en, together with their centered 4-year moving 
average. 

‘lere ayain you get a complete elimination 
of the wave. The f-year moving average of the 
6-year wave is merely a straight line. It is 
charted in Fig. 7 Ly means of a Lroken line 
superimposed upon the 6-year wave with which 
we started. (See p. 307.) 

It should also be obvious that 1f you had 
added tie 6-year wave to a trend line that 
increaseu by constant amounts, the 6-year mov- 
ing average of the combined wave and trend 
line would have reproduced the trend free and 
clear of the wave. (If the trend had increased 
Ly increasing amounts, the moving average 
would have lain alove it; if ly decreasing 
amounts the moving average would have lain 
Lelow it; all as illustrated in an earlier 
section.) 


TABLE 11. 
A 6-YEAR MOVING AVERAGE OF A 6-YEAR WAVE 


A B (e D 
DATA 6 -YEAR 2-YEAR 6 -YEAR 
EVIDENCING MOVING MOVING MOVING 
A 6-YEAR TOT.OF TOT.OF Av. OF 
WA VE THE DATA Cots 6 THE DATA 
POSTEC POSTED CENTERED 
YEAR TO THE 3RD TO THE (Cot.C:12) 
POSITION 2ND 
POSITION 
1sT 105 - : ° 
2ND 115 - . . 
3RD 105 600 - o 
41TH 95 600 1200 100 
5TH 85 600 1200 100 
6 TH 95 600 1200 100 
7TH 105 6 00 1200 100 
8TH 115 6 00 1200 100 
9TH 105 600 1.200 100 
10TH 95 . ° ° 
117TH 85 - - > 
12TH 95 - : . 


waves of Odd and Peculiar Shape 

You may wonder if we would get the same 
result—a straight line—if the wave had some 
other shape. As long as the repetition 1s 
perfectly regular, the shape of the wave makes 
no difference whatever... This tact 1s il- 
lustrated in the talle that tollows: 
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TABLE 12. 
A 5-YEAR MOVING AVERAGE OF AN IRREGULAR 5-YEAR 
WAVE 


DATA EVIDENCING 
AN IRREGULAR 


5-YEAR Mov. 
AVERAGE OF 


SHAPED 5-YEAR THE DATA 
YEAR REPETITIVE 
PATTERN 

1s 100 ° 
2ND 125 : 
3RD 85 100 
4TH 105 100 
5TH 85 100 
6 TH 100 100 
7TH 125 100 
8TH 85 100 
9TH 105 : 
10TH 85 : 


The reason we get a straight line is Le- 
cause the value we add is always the same as 
the value we drop. 


b. When the Length of the Moving Average is 
An Integral Multiple of the Length of the wave 

A moving average that is two or three (or 
any other integral multiple) times the length 
of the wave will also completely eliminate 
any regular wave. 

Thus, 1f we have a perfectly regular 9-year 
wave, an ]&-year moving average will com- 
pletely eliminate it, and so will a 27-year 
moving average, or a 36-year moving average. 

It we have a perfectly regular 6-year wave, 
a 12-year, 18-year, 24-year, or 3(0-year moving 
averaye would give the same result. 

You should also note that an ]8-year moving 
average would completely eliminate both the 
9-year and 6-year waves, because 18 is a mul - 
tiple of Loth 9 years and 6 years. 


c. When the Moving Average is of a Length 
That is Differant From the Length of the wave, 
or from sone Integral Multiple of It. 

You may wonder what a 2-year moving average 
of a 9-year wave might look like, or a 5-year 
moving average, or a 7-year moving average, or 
an ]l-year moving average, or a]3-year moving 
average. 

At this point the shape of the wave begins 
to make a difference. Let us therefore con- 
sider first the effect upon a rectilinear (saw 
tooth) wave. Such a wave is given in Table 13 
on the page following, together with moving 
averages of various lengths. The various 
values are plotted in Fig. 8 on page 313. 

You will note that as the moving averages 
get longer they become flatter until, when 
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the length of the moving average equals the 
length of the wave, the moving average becomes 
a straight line. When the moving average is 
longer than the length of the wave, the wave 
reappears in inverse (upside down) phase. 
That is, for the ] ]-year and 13-year moving 
averages, the 9-year wave reappears with 
troughs where there were crests in the ori- 
ginal data, and with crests in the moving 
average where we originally had troughs. 
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The reason for this is very easy to see. 
The 13-year moving average, for example, 
centering on a trough, groups together two 
highs and one low and is therefore obviously 
above the average of one 9-year wave, at time 


of trough. As we progress in time to a po- 
Sition centering on a crest, the ] 3-year 
moving average includes two lows and one high 
and is therefore obviously below the average 
of one 9-year wave at time of crest. 
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VARIOUS MOVING AVERAGES OF A 9-YEAR WAVE 


A B (GS 
DATA 
EVIDENCING 3-YEAR 5-YEAR 
A REGULAR MOVING MOVING 
RECTILINEAR AVERAGE AVERAGE 
YEAR 9-YEAR WAVE oF DATA OF DATA 
“VST 105 : 
2ND 115 115.0 : 
3RD 125 Gees 113 
4TH 115 MA Ms}a) 111 
STH 105 105.0 105 
6 TH 95 95.0 97 
7TH 85 88.3 93 
8TH 85 88.3 93 
9TH 95 95.0 97 
10TH 105 105.0 105 
117H 115 S30 yi) 
12TH 125 118.3 113 
13TH 115 115.0 111 
14TH 105 105.0 105 
157TH 95 95.0 97 
16TH 85 88.3 93 
17TH 85 88.3 93 
18TH 95 95.0 97 
19TH 105 105.0 105 
20TH 115 S70 111 
PIES 125 118.3 113 
22ND 115 1510 111 
23RD 105 105.0 105 
24TH 95 95.0 97 
25TH 85 88.3 93 
267TH 85 88.3 93 
277TH 95 95.0 105 
28TH 105 105.0 111 
29 TH aS) 115.0 - 
30TH iN7a's} > a 


(H1GHS OF EACH CYCLE UNDERLINED) 


D E F G 
7-YEAR 9-YEAR 11-YEAR 13-YEAR 
Mo VING MOVING MOVING MOVING 
AVERAGE AVERAGE AVERAGE AVERAGE 
OF DATA OF DATA QF DATA oF DATA 

106.4 - : : 
103.6 102.8 - - 
100.7 102.8 04.1 - 
97.8 102.8 105.9 ee OGr> 
97.8 102.8 105.9 106.5 
100.7 102.8 104. 4 105.0 
103.6 102.8 102.3 HO2 a7, 
106.4 102.8 100.5 100.4 
107.8 102.8 99.5 99.6 
106.4 102.8 100.5 100.4 
103.6 102.8 102.3 HOAs 7 
100.7 102.8 104.1 105.0 
97.8 102.8 105.9 106.5 
97.8 102.8 105.9 106.5 
100.7 102.8 104.1 105.0 
103.6 102.8 O23 Ox 7/ 
106.4 102.8 100.5 100.4 
107.8 102.8 99.5 99.6 
106.4 102.8 100.5 100.4 
103.6 102.8 102.3 102.7 
100.7 102.8 104.1 105.0 
97.8 102.8 105.9 : 
97.8 102.8 : 

100.7 102.8 : 


d. Generalization for Rectilinear waves 

Fig. 9 was worked out Ly Benjamin Foote 
and James A. Mitchell of the Nartford Electric 
Light Company to generalize these facts for 
rectilinear waves. The chart was drawn for you 
Ly Mr. Mitchell. It gives you the percentage 
of the original amplitude remaining in the 
moving average for all simple arithmetic 
moving averages up to tour times the length 
of the wave. (Fig. 9 will be found later in 
this bulletin on page 314.) This chart is a 


most useful one for all cycle analysts. I use 
mine constantly. Let us work out an example 
or twa. 
Two Examples 

Suppose we have taken a 22-year moving 
average of a series ot figures that contains 
a 17-year rectilinear (zizzav) wave. How much 
cf the 17-year wave would remain in the 29- 
year moving averaze? Twenty-two is approxi - 
mately 1] 9.4% of 17. Find 1% on the horizon- 
tal scale at the bottom of Fig. 9%. Construct a 
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perpendicular at this point. This perpendicu- 
lar will cut the curved line at alout minus 
146 (read trom the scale at position 50. The 
scale at the extreme left is for values on the 
horizontal scale from 0 to 5(). There wall 
therefore Le minus 16% of the ] 7-year wave 
remaining in the moving average; that is, the 
wave in the moving averages will Le in reverse 
phase or upside down from the wave in the 
original data. 

Suppose we had taken a 38-year moving aver- 
age of the same series of figures. [How much 
of the original 17-year wave would le present 
in this 38-year moving average? Thirty-eight 
is 293.5% of 17. Therefore, we find 224 on our 
horizontal scale, construct a perpendicular. 
This perpendicular intersects the curve at 
plus & (read from the scale at position 50). 
Therefore, we know that 87 of the original 
amplitude of the] 7-year rectilinear wave 1s 
still present in the 38-year moving average 
of these tigures. If the amplitude of the 
moving average should prove to Le 4, let us 


TABLE 


say, we could easily calculate that in the 
oriyinal figures it was 50 Lecause 4 is 8% 


Ota Oe 


Use of Tables 

You may prefer to use a table instead of 
the chart. If so, you can refer to Table A 
be low. 

Let us work an example: Suppose we have a 
23-year moving average of a regular zigzag 
shaped 54-year rhythm. How much of the rhythm 
remains in the moving average? Twenty three 
divided by 54 is 42.6%. Look up 42.6% in the 
first column in Table A-—the column headed 
“The length of the moving average expressed as 
a percentage of the length of the wave. ” We 
find no value for 42.6 but we do find values 
for 10 and for 45. The percentage of the 
original amplitude remaining in the moving 
average for 40 is 60%, for 45 is 55%. Ry 
interpolation it is easy to compute that the 
correct percentage for 42.67% is 57.47%, the 
required answer. 
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PERCENTAGE OF AMPLITUDE OF ORIGINAL WAVE REMAINING IN A MOVING AVERAGE, 
WHEN THE WAVE 1S REGULAR, SYMMETRICAL, AND RECTILINEAR OR SAW-TOOTH IN SHAPE, 
FoR VARIOUS LENGTHS OF MOVING AVERAGES UP TO FOUR TIMES THE LENGTH OF THE WAVE. 


2 
———$——— 


THE LENGTH 


OF THE 

MOVING PERCENTAGE 
AVERAGE OF 
EXPRESSED ORIGINAL 
As A PeR- AMPLITUDE 


CENTAGE OF REMAINING 


THE LENGTH IN THE A B 
OF THE + MOVING CONT'D. CONT'D. 
WAVE AVERAGES Fo Les ekcae ee hee eae 
(0) 100. 100 (0) 
5 95. 105 -4.5 
10 90. 110 8.2 
5 8.5: 1S ord teal 
20 80. 120 Hye vous 
25 US 125 AVisi@ 
30 7Ko) 130 -16.2 
35 6.5). 135 -16.8 
40 60. 140 “17.1 
45 55: 145 oh Aes 
50 50. 150 mlOne7: 
55 45. 155 -16.0 
60 40. 160 -15.0 
65 35s 165 -13.8 
70 30. 170 -12.4 
Tis 256 175 -10.7 
80 20. 180 -8.9 
85 15. 185 -6.9 
90 10. 190 -4.7 
95 3) 195 -2.4 
100 0 200 0.0 


A B A B 
CONT'D. ConT'D. CONT'D. CON a On 
200 0 300 0 
205 2a3 305 -1.6 
210 Ams 310 209 
215 5.9 bs -4.0 
220 ioe 320 -5.0 
225 Bis 325 -5.8 
230 9.1 330 -6.4 
235 9.7 335 -6.8 
240 10.0 340 =RoA 
245 LOR 345 Thee 
250 10.0 350 ei] 
255 Cy U/ 355 - 710 
260 OZ 360 -6.7 
265 8.6 365 -6.2 
270 a8 370 S35) 17) 
ZS 6.8 375 =5 0 
280 Sr 380 24h 2 
285 4.5 385 -3°1 
290 St 390 CHAS 
295 hoe 395 1 €2 
300 0.0 100 00 
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A series of 9-year rectilinear waves 


Their 3-year moving average 


C. Their 5-year moving average 


D. Their 7-year moving average 
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E. Their 9-year moving average 


F. Their ll-year moving average 


G. Their l@year moving average 


Note how, as the moving average gets longer 
the waves get flatter until, when the length 
of the moving average is the same as the 
length of the wave, they disappear. As the 
vat ted tid moving average gets longer still, the waves 


Seeuidfoesust fopreseseeestaest reappear in reverse phase (upside down). 
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as a Percentage of the Length of the Rhythm 


Moving Average Expressed 


Average Expressed as a Percentage of the Length of the Rhythm 
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es. Generalization for Sine Waves 

At this point you may ask, does this chart 
hold true for sime waves and for other waves 
that are not rectilinear or zigzay shape? 
No, it does not. Each shape of wave requires 
a separate diagram. For sine waves Mr. Foote 
and Mr. Mitchell constructed Fig. 1U, 1nserted 


TABLE 


previously in this bulletin on page 314, to 
show the percentage of the original amplitude 
remaining 1n the moving average of a sine wave 
tor all given lengths of moving average up to 
four times the length of the wave. 

If you prefer to use a table, refer to 
Table B below. 


B . 


PERCENTAGE OF AMPLITUDE OF ORIGINAL WAVE REMAINING IN A MOVING AVERAGE, 
WHEN THE WAVE IS REGULAR, SYMMETRICAL, AND SINE SHAPED 


FOR VARIOUS LENGTHS OF MOVING AVERAGES UP TO FOUR TIMES THE LENGTH OF THE WAVE 


A 
THE LENGTH B 
OF THE 
MOVING PERCENTAGE 
AVERAGE OF 
EXPRESSED ORIGINAL 
As A PER-. AMPLITUDE 
CENTAGE OF REMAINING 
THE LENGTH IN THE A B 
OF THE MOVING Cu:'T’D CONT'D 
WAVE AVERAGES SEM) loose ace eo hee wee ae 
(0) A(0) 100 fe) 
5 99.4 105 -4.7 
10 98.4 110 -8.9 
15 96.4 115 -12.6 
20 93.6 120 -15.6 
25 90.1 125 -18.0 
30 85.9 130 -19.8 
35 81.0 135 -21.0 
40 si 7f 140 -21.6 
45 69.9 145 -21.7 
50 6i9a7, 150 -21.2 
55 S72 155 -20.3 
60 50.5 160 -18.9 
65 43.6 165 “17.2 
70 36.8 170 15.1 
75 30.0 17:5 -12.9 
80 Ne Le 180 -10.4 
85 ZO 185 -7.8 
90 10.9 190 -5.2 
95 Sie. 195 -2.5 
100 0 200 (0) 


2. Compound Waves 
Moving Averages of Time Series Influenced by 
Two or More Concurrent Cycles 

Let us now add together the two series of 
figures containing the 6-year wave and the 9 - 
year wave respectively that we dealt with 
above and which were charted in Figs. 6 and 7. 
This addition is performed in the table on the 


A B A B 
ConT’D CONT'D. CONT'D. CONT'D. 
200 0 300 (0) 
205 ae 305 -1.6 
210 4.7 310 -3.2 
215 Gad 315 -4.6 
220 82.5 320 -5.8 
225 10.0 325 -6.9 
230 Utes 330 7.8 
235 We 335 -8.5 
240 12.6 340 -8.9 
245 12.8 345 -9.1 
250 Pan 7/ 350 “9.1 
255 12.3 355 8.9 
260 11.6 360 8.4 
265 COE 7/ 365 -7 .8 
270 9.5 370 -7.0 
275 Binz 375 26.0 
280 Gav 380 -4.9 
285 Seal 385 See], 
290 34 390 =2.5 
295 (haz 395 -1.2 
300 0 400 0 


following page and the result is plotted in 
Fig. 1] on page 319. 

This sum is the kind of a pattern one might 
expect in the total sales of a company that 
were equally divided between two products, 
the sales of one of which fluctuated with a 
9-year rhythm, and a second product, the sales 
of which fluctuated with a 6-year rhythm. 


TABLE 14. 
6-YEAR, 9-YEAR, AND 18-YEAR MOVING AVERAGES OF a COMPOUND WAVE 
eee 
A B (e D E F 
6-YEAR 18-YEAR 
MOVING 9-YEAR MOVING 
DATA DATA SUM OF AVERAGE MOVING AVERAGE 
EVIDENCING EVIDENCING Cot. A OF AVERAGE OF 
THE 9-YEAR THE 6-YEAR AND COL aCe OF Com. ‘Ce 
YEAR CYCLE CY CLE CoL. B CENTERED Cot. C CEN TERED 
ee 
ise 105 105 210 . : ° 
2ND 115 115 230 - ° e 
3RD 25) 105 230 : ° 5 
4TH 115 95 210 208.3 : : 
5TH 105 85 190 204.2 205.6 - 
6TH 95 95 190 199.2 204.4 : 
7TH 85 105 190 195.8 AM Vor] : 
8TH 85 aS 200 195.8 200.0 : 
9TH 95 105 200 199.2 740) (Ve : 
10TH 105 95 200 204.2 204.4 202.8 
117TH. 115 85 200 208.3 205.6 202.8 
1 2TH 125 95 220 210.0 204.4 202.8 
1 37H 115 105 220 208.3 20 ie 202.8 
147TH 105 NGS: 220 204.2 200.0 202.8 
1 5TH 95 105 200 199.2 201.1 202.8 
16TH 85 95 180 195.8 204.4 202.8 
177TH 85 85 170 195.8 205.6 202.8 
18TH 95 95 190 199.2 204.4 202.8 
19TH 105 105 210 204.2 201.1 202.8 
20TH 115 EES} 230 208.3 200.0 202.8 
Zils 125 105 230 210.0 201.1 202.8 
22ND ES 95 210 208.3 204.4 202.8 
23RD 105 85 190 204.2 205.6 202.8 
24TH 95 95 190 199.2 204.4 202.8 
25TH 85 105 190 195.8 201.1 202.8 
26 TH 85 EUS) 200 195.8 200.0 202.8 
277TH 95 105 200 199.2 20 tat 202.8 
28TH 105 95 200 204.2 204.4 - 
29TH 115 85 200 208.3 205.6 : 
30TH 125 95 220 210.0 204.4 : 
31ST 115 105 220 208.3 201.1 . 
32nN0 105 eke 220 204.2 201.1 ° 
33RD 95 105 200 199.2 : - 
34TH 85 95 180 - : a 
35TH 85 85 170 : : : 
36 TH 95 95 190 : : - 


(H!GHS OF EACH CYCLE UNDERLINED) 


Let us now take these figures that evidence 
this composite wave and compute first a 9-year 
moving average, second, a 6-year moving aver - 
age and third, an 18-year moving average a8 
in the table on the preceding page. The vari- 
ous moving averages are plotted in Fig. ll 
on page 319, The 9-year moving average has the 
effect of completely eliminating the 9-year 
component of the series and shows the 6-year 
wave 1n reverse phase, that is to say, with 
tops where Lottoms used to be and vice versa, 
but with reduced amplitude, all as we would 
expect from the foregoing discussion. 

The 6-year moving average has the effect of 
completely eliminating the 6-year wave and 
leaving the 9-year wave in proper phase posi- 


tion (that is, with tops of the moving average 
where there were tops in the data, and Lottoms 
in the moving average where there were Lot- 
toms in the data), Lut with greatly reduced 
amplitude. 

The 18-year moving average of course elimi- 
nates both 6-year and 9-year waves, and would 
also have eliminated any 4-year wave (\% of 18 
years), any 3.6-year wave (1/5 of 18 years):, 
any 3-year wave (1/4 of 18 years) and so on if. 
there had Leen such in the original data. by 
the same token, it would have revealed any 
wave longer than 18 years, or shorter waves 
that were not integral fractions of the length 
of 18 years, or both, if these had also Leen 
present in the data. 
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Discussion 

It should be clear from tie foregoing 
demonstrations that every time you take a mov- 
ing average of a series of figures, you are 
performing an operation that has an effect 
upon the amplitude, and sometimes reverses 
the phase, of all the regularly recurring 
waves that may Le present in the original 
tigures. It is this fact that prompts the 
Celticism that one is really not able to start 
a rhythmic analysis until after one has 
finished 1t. 

In other words, until one knows the length 
oi all the waves that are present in a series, 
one is not fully in a position to choose the 
lengths of the moving averages to use to 
emphasize some and subordinate others. 


Comparison of the Kaw Data With 
with the Moving Average 


In the section which began on page 309, you 
had demonstrated for you the fact that when 
the length of the moving average 1s the same 
as the length of the wave, the effect 1s the 
complete elimination of the wave. 

Ynere the original data consist of nothing 
Lut a wave (and a horizontal trend line) as 
in lables 10 ana 1l5 it 1s obvious that if 
we compare the original data with the moving 
average (wiich is a horizontal straight line) 
the result will merely reconstitute the wave 
in its entirety. This fact is illustrated in 
Curve EE of Fig. 12 on page 32] and in Col. 
EE of Table 15 on page 320, 

When the moving average 1s of a length 
which ditfers from the length of the wave in 
the original data, or some multiple of it, 
some part of the original wave will remain in 
the moving average. inis residue of the o- 
riginal wave remaining in the moving average 
will Le either in phase with the original wave 
or in reverse phase (upside down). All of 
this was demonstrated in fable 13 and illus- 
trated in Fig. 8. 

Mien the moving average retains some of the 
wave in phase with the original wave, and 
when the original data are compared with such 
a moving average, it should be clear that the 
difference Letween the two will show the o- 
riginal wave with reduced amplitude. For ex- 
ample, 1t we have a 9 year wave with an ampli- 
tude of 1), and the moving average also con - 
talns a 9-year wave coming at the same time 


with an amplitude of 2, the series of figures 
evidencing the difference Letween the two 
waves will show an amplitude of 8. 


When the moving averaze shows the wave in 
reverse phase, or upside down, and when the 
original data are compared with it, the dif- 
ference Letween the two will show the original 
wave with increased amplitude. For example, 
if the wave just discussed with an amplitude 
of 10 were being compared with a moving aver - 
age that was of such a length that it evi- 
denced a 9-year wave with an amplitude of -], 
the wave in the series of tigures evidencing 
the difference would show an amplitude of 11. 
These facts are all illustrated for the moving 
averages given in lable 13, in Fig. 12 and 
in lable 15 on page 320. 

It should Le noted that the comparisons 
above have been made by subtraction for the 
sake of si plicity.. In actual practice one 
ordinarily makes the comparison Ly division 
and determines the percentages that the o- 
riginal data are of their moving average. 

There are several reasons for making the 
comparisons on a percentage Lasis. One has 
already been mentioned—the fact that mostly 
the waves seem to Le the same percentage alove 
and Lelow the axis. When one uses percentages 
on real waves therefore, one tends to get 
waves that are symmetrical with respect to the 
axis. 

A second reason is that in actual practice, 
most waves with which one deals are super- 
imposed upon trend lines. That is, the phe- 


Momenon with which we deal, let us say the 
alundance of lynx or the thickness of tree 
Tings or the size of a business, has a long 
term increase or decrease over a period of 
time. Experience indicates that the waves that 
are associated with these various pienom- 
ena are usually of approximately constant 
Percentage amplitude. 

A third reason for making percentage com- 
parisons, even if the trend should be hori- 
zontal, is that 1f there should be other waves 
1t will usually be found that the various 
waves combine Ly multiplication and not by ad- 
Gition. They therefore must be unscrambled Ly 
division instead of by subtraction. 

A fourth reason for making comparison on 
a percentage basis is that in making pro- 
jections for most series, one must talk of the 
waves in terms of percentages. “If the wave 
continues, the sales of the company at such 


SPRING 1954 


Fig. ll 


tes ta 


siiesrsveseite 


100 E iis pees oS 


eee mee 
HFA 


= 
ee 


SESSSE=SS55 


seeerestes 
Seeese 


a — 


Faia 


srfsstsifastar for tarterds 
saz. iceeseectsavaeress 
SEEEEETEE = =e 


240 sasssssssee aS sso 
Sul — 
SEEseer es reseesssssoctssststttntt 


Saaseesseccas= 

Seeceesiicsfictectocesst 
CT on i 

Sissesee= SS geceeee=cnee 


=eSreoreareaeese 
SeEe= SrrEHiTHEEerratrte 
Saneeceseeeeseenseeeeessere 


200 


E. 


A series of 9-year waves 


A series of 6-year waves 


Their summation (A +B) 


A 6-year moving average of the 
summation ( reveale A 9-year wave 
in phase with the original 9-year 
wave 


A 9-year moving average of the 
summation ( reveals a 6=year wave 
in reverse phase from the original 
6eyear wave (upside down)). 


An 18-year moving average of the 
summation (completely eliminates 
both waves) 
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where the waves in the original data are 
expressed in plus and minus values, and (L) 
the case where some of the values of the raw 
data are zero. In these instances, compari - 
sons between the moving average and the data 
should usually Le made by subtraction. 


and such a time will Le 10% above its then 
trena line.” Where the trend line will be 
at the time must be computed separately. 


The only exceptions to the akove rule that 
occurs to me at the moment are (a) the case 


TABLE 15. 
CoMPARI SON OF ORIGINAL CONTROLLED DATA WITH VARIOUS MOVING AVERAGES 


A B BB (G (UE D DD E EE F FF G GG 
DATA DATA DATA DATA DATA DATA DATA 
Evi DENC - Di viDED DiviDED DIVIDED DiviDED DIVIDED DIVIDED 
ING A BY BY BY BY BY BY 
REGULAR 3-YEAR’ THEIR 5 -YEAR THEIR 7 YEAR THEIR 9-YEAR THEIR 11-YEAR THEIR 13 -YEAR THEIR 
SAW - MOVING 3-YEAR MOVING 5-YEAR MOVING 7-YEAR MOVING 9-YEAR MOVING 11-YEAR MOVING 13 -YEAR 
TOO TH AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING 
9 -YEAR OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE 
YEAR WAVE DATA (%) DATA ( %) DATA ( %) DATA (%) DATA ( %) DATA (%) 
1ST 105 - - - - - - : - : ° : : 
2N'D==11'5 i500) 100.0 ° : - - : : : : O - 
3RD 125 118 .3 NOSie7 113.0 110.6 - : ° - : : : : 
4TH SS 115.0 100.0 111.0 103.6 106.4 108.1 - . - - - - 
5TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 : : : : 
6 TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 CA ess : - 
7TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 Seer 105.9 80.3 106.5 79.8 
8TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 105.9 80.3 106.5 79.8 
9TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 105.0 90.5 
10TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 102. 3 102.6 102.7 102.2 
117TH ibs fife) 100.0 hao 103.6 106.4 108.1 102.8 111.9 100.5 114.4 100.4 1145:5 
12TH LAs 118.3 LODSa7 Lbse@ 110.6 107.8 116.0 102.8 (ePAL hk5} 99.5 125.6 99.6 2-521 
Tome aS TIiS=0 100.0 111.0 103.6 106.4 108.1 102.8 CTTES 100.5 114.4 100.4 UZ GS 
14TH 105 10;520 100.0 10570 100.0 103.6 101.4 102.8 102.1 102. 3 102.6 102.7 10222 
15TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 105.0 90.5 
167H 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 S25 7/ 105. 9 80.3 106.5 79.8 
17TH 85 88 .3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 105.9 80.3 106.5 79.8 
18 TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. J 91.3 105.0 90.5 
19 TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102051 102. 3 102.6 102.7 102.2 
20TH 115 115.0 100.0 Alva) 103.6 106.4 108.1 102.8 111.9 100. 5 114.4 100.4 114.5 
ZS Was Higes NO Sins, 113.0 110.6 107.8 116.0 102.8 1216 99.5 125.6 99.6 W25i0D 
22ND 115 i520 100.0 111.0 103.6 106.4 108.1 102.8 111.9 100. 5 114.4 100.4 114.5 
23RD 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102. 1 1O2Z 3 102.6 10227, 102.2 
24TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 Silks 105.0 90.5 
25TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 105. 9 80.3 106.5 79.8 
26 TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 (3746.7 105.9 80.3 106.5 79.8 
27TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 1OAGT Sites - ° 
28TH 105 1050 100.0 105.0 100.0 103.6 101.4 102.8 {O2eal : - - . 
29TH 115 115.0 100. 0 111.0 103.6 106.4 108.1 : : - - : : 
30TH 125 11S Se 10Sc7) a PIS.0 (11056 : as : . : - : - 
SiS ARS Te) 100.0 : : - : - ° : : : - 
32ND. 105 - - : : - - : : . : : - 
(ALL CRESTS UNDERLINED) 


Tt will Le noted both in the chart and in 
the table that when we compare the original 
data with their various moving averages that 
the rhythm that was present in the original 
data continues present in the comparison . 


That 1s, it the wave in the original data is 9 
years long, and we run a 7-year moving average 
through the series (Col. [) alove) and compare 
the original data with the 7-year moving aver- 
age (Col. DD), we get the 9-year rhythm with 
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Index epee 
120 100 
100 80 
80 
Index 
Percent 120 
alalfe; 
100 100 
90 
80 
Index Percent 
120 120 
100 100 
80 80 
Percent 
120 
Index 
100 120 
80 100 
80 
Index 
120 
Percent 
100 120 
80 
[tat Soe 
a a 
Fig. 12 
A&B. 9-Year rg read Wave Together With DD. Data Divided by Their 7=-Year Moving Average 
A 
| piseca leat oven myotace A&E. 9-Year Rectilinear Wave Together With 
Bu. Data Divided by Their 3-Year Moving Average Its 9=Year Moving Average 
A&C. 9-Year Rectilinear Wave Together With KE. Data Divided by Their 9-Year Moving Average 


Its 5—-Year Moving Average 
CC. Data Divided by Their 5=Year Moving Average A& F. 9-Year Rectilinear Wave Together With 


‘ Its 11-Year Moving Average 
A&D. 9=Year Rectilinear Wave Together With 
Pia alear Hema ethveracs FF. Data Divided by Their 11l-Year Moving Average 


Note: Note that as the number of terms in the moving average increase and the moving average 
gets flatter, the original wave reappears more and more in the percentages. When the moving 
average equals the length of the wave, the wave reappears fully. As the number of items in 
the moving average increase further, the amplitude of the original wave is magnified. 


Note also that the percentages that the data are of their moving averages always evidence 
waves of the length of the wave in the original data and not the length of the moving average. 
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which we started, albeit with greatly reduced 
amplitude. 


In other words, the 7-year movin, average 
oi the data does not in any sense of the word 
introduce a 7-year rhythm into the compari- 
sons. 

The converse of this statement is that if 
we have a 9-year rhythm in the original data 
and take a 9-year moving average of the se- 
ries, conpare the original data with this 9- 
year moving average and find a 9-year wave, 
the 9-year wave we find can in no sense le 
construed as a result of a 9-year moving 
average, either. Ihis seems to Le the nard- 
est thing alout moving averages ‘for people to 
realize. 

It 1s suggested that you prove these state- 
ments to yourself by computing the percen- 
tages that actual figures which evidence a 
rhythm are of moving averages of various 
lengths. 


Comparison of One Moving Average 
with Another 


The comparison of one moving average with 
another is merely an extension of the princi- 
ples that have leen explained fully in the 
foregoing pages. One moving average can Le 
used to eliminate one or more ot the minor 
waves and mrnimize random fluctuations, an- 
otner can Le used to approximate the trend 
line. the comparison of the two, if the 
lengths have Leen properly chosen, will otten 
reveal or emphasize waves ot intermediate 
length. 
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Summary 


The moving average is a useful tool tor 
cycle analysts. 

By smoothing out random fluctuations and 
shorter cycles, 1t aids the eye to see more 
clearly the waves of intermediate and longer 
length. ; 

When the length is suitably chosen, the 
moving’ average provides an approximation of 
the underlying growth trend with, however, the 
disadvantaye that the moving average will lie 
alLove or Lelow the true trend, unless tie 
trend 1s increasing, Ly a constant amount. 

By the proper choice of length, the moving 
averaye can often effect a complete separation 
of two interacting wave systems present con- 
currently in the same time series. 

By ineaus oi the technique of first com- 
puting the moving average of a series and then 
computing the percentages that the original 
data are of the moving averaye, 1t is possible 
to olLtain a curve in which the distorting 
ettect oi trend and otf longer cycles are mini- 
mized. 

The use of moving averaxes can le compared 
to the use of color filters on a camera. By 
the proper choice of a filter, you can re- 
veal cuaracteristics of, the article Leing 
photo,raphed, such as train in a piece ot 
wood, that might Le completely lost in an 
ordinary photo;raph and might Le overlooked 
even ly the naked eye. The moving average can 
Le useu in the sane way.. 

Used with 1antelligence, ana with a iul] 
knowledge of ats lamitations, the moving aver- 
age is a very valualle tool for the cycle 
analyst. 
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